Abstract. Scarred uterus is caused by cesarean section surgery, and this condition affects further gestation and delivery in patients. Previous evidence suggested that resveratrol, a polyphenol compound, presents beneficial outcomes for patients with scarred uterus. Therefore, the aim of the present study was to analyze the efficacy of resveratrol in the treatment of patients with scarred uterus. The efficacy of resveratrol in the formation of new vessels and re-epithelialization of the endometrium was analyzed. The present results demonstrated that resveratrol treatment reduced uterus scarring in the majority of patients (87.36%) compared with the control. It was also observed that the plasma levels of β-human chorionic gonadotropin were downregulated by resveratrol treatment in patients with scarred uterus. Furthermore, resveratrol treatment promoted the remodeling of the scarred uterus, the regeneration of the endometrium and improved pregnancy outcomes. In conclusion, the findings of the current study indicate that resveratrol treatment may be a potential strategy for the treatment of scarred uterus patients, which contributes to the improvement of pregnancy outcomes.
Introduction
Severe injuries of the uterus that lead to scar formation may consequently result in infertility or pregnancy complications (1, 2) . A scarred uterus is mainly caused by cesarean section, as well as by myomectomy, uterine perforation or hysterotomy following the surgery (3) . Pregnancy subsequent to scarring of the uterus may lead to uterine rupture, postpartum hemorrhage and placenta previa (4) . It has also been reported that pregnancy in scarred uterus patients may result in injury, infection, adhesion increasing, poor healing of the incision and surgical complications during delivery (5) . There are few effective methods to treat scarred uterus due to the scar hypertrophy (6, 7) . Therefore, exploring more efficient treatments may contribute to the recovery of scarred uterus patients.
Resveratrol is a naturally existing polyphenol, which has presented therapeutic effects in the treatment of uterine diseases (8, 9) . Previous studies have also indicated that resveratrol is a multifunctional compound with reported beneficial outcomes in various human diseases (10, 11) . Numerous benefits of resveratrol have been identified in the treatment of human diseases, including cancer therapy, neurodegenerative diseases, cerebrovascular function, type II diabetes mellitus and gestational diabetes mellitus (12, 13) . Long-term resveratrol treatment prevents ovariectomy-induced osteopenia in rats without hyperplastic effects on the uterus (14) . In addition, Novakovic et al (15) have demonstrated the beneficial effects of resveratrol on the contractility of non-pregnant rat uterus for the contribution of K + channels. Furthermore, Zeng et al (16) have indicated that the resveratrol could reduce collagen in fibroblasts, which led to further inhibition of cell growth, cell cycle arrest and apoptosis, thus suggesting that resveratrol is a potential agent for hypertrophic scar treatment. These previous findings suggest that resveratrol treatment may contribute to the recovery of scarred uterus patients.
In the present study, the therapeutic effects of resveratrol in patients with a scarred uterus were investigated. The efficacy of resveratrol in the formation of new vessels and re-epithelialization of the endometrium was reported. The findings in the present study suggest that resveratrol treatment may assist in the remodeling of the scarred uterus and improve pregnancy outcomes.
Materials and methods
Ethical approval and participant consent. A total of 78 patients with scarred uterus were recruited into the present clinical analysis. The current study was implemented according to the Guide for the Care and Use of Clinical Patients of China (17) . The study was approved by the Ethical Committee of Hebei Medical University Affiliated Hospital Obstetric (approval no. 20150320WS). The study included patients with scarred uterus. However, patients with chronic hypertension, coagulation abnormality, twin pregnancy, active labour and high-risk pregnancy were excluded from the present study. All patients were required to provide signed informed consent prior to participation.
Study design. The 78 patients with scarred uterus were randomly divided into two groups, and received treatment with placebo (n=32) or resveratrol (n=46; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany; 10 mg/day) during a 3-month study period (between May 2015 and July 2015).
ELISA. Plasma samples were obtained prior to-and 3 months post-treatment. Samples were prepared immediately by centrifugation of peripheral venous blood at 2,000 x g at 4˚C for 10 min. The serum levels of tumor necrosis factor α (TNF-α; cat. no. GERPN2788; Sigma-Aldrich; Merck KGaA), hemoglobin (cat. no. MAK115, Sigma-Aldrich; Merck KGaA) and β-human chorionic gonadotropin (β-hCG; cat. no. RAB0092-1KT; Sigma-Aldrich; Merck KGaA) were analyzed in patients with scarred uterus using ELISA kits according to the manufacturer's protocol. The serum concentration levels of these cytokines were measured by an enzyme microplate reader at 570 nm.
Principles and settings of ultrasound diagnosis. An ultrasound diagnosis system was used to analyze contrast-enhanced ultrasound clinical trials using a preprogrammed setting prior to-and 3 months post-treatment. Contrast agent Optison (GE healthcare; Chicago, IL, USA) was taken before 1 h. The preprogrammed setting was optimized to scan the uterus, and the mechanical index was set at 0.2-0.4 MHz to achieve the optimum efficiency. The details of principles and settings of ultrasound were as described in a previous study (18) . An Acuson Sequoia 512 ultrasound system (Siemens, AG, Munich, Germany) was used to generate the images. Contrast-specific harmonic software was used to analyze images (Version 3.0; GE Healthcare).
Statistical analysis. Statistical analysis was performed using SPSS version 19.0 software (IBM Corp., Armonk, NY, USA) and Excel (Microsoft Corporation, Redmond, WA, USA). All data are reported as the mean ± standard error of the mean. Statistical tests for data analysis included Fisher's exact test, log-rank test, χ 2 test and Student's two-tailed t-test. P<0.05 was considered to indicate a difference that was statistically significant.
Results

Characteristics of patients with scarred uterus.
A total of 78 patients with scarred uterus were recruited into the present clinical analysis. The mean age of patients was 30.4 years (range, 22-38.8 years old), and the majority of patients had a history of previous cesarean delivery (62 patients, 79.5%). In addition, 48 patients with scarred uterus had a history of abortion. All patients were voluntarily divided into two groups and received treatment with resveratrol (n=46) or placebo (n=32). The characteristics of patients with scarred uterus are summarized in Table I .
Resveratrol treatment efficiently decreases inflammation in patients with scarred uterus.
A previous study has indicated that inflammation serves an important role during uterine injury (19) . In the current study, the anti-inflammation efficacy of resveratrol was examined in patients with scarred uterus prior to-and 3 months post-treatment. The hemoglobin levels were significantly decreased in patients received treatment of resveratrol (10 mg/day) compared with the placebo group (Fig. 1A) . Furthermore, the plasma TNF-α levels were markedly downregulated in the resveratrol group compared with the placebo group (Fig. 1B) . These outcomes suggest that resveratrol treatment may decrease inflammation in patients with scarred uterus.
Resveratrol treatment improves the scarred uterus.
The results revealed that the plasma levels of β-hCG were downregulated by resveratrol treatment in patients with scarred uterus after treatment for 3 months (Fig. 2A) . In addition, it was demonstrated that the majority of scarred uterus patients (87.36%) that received resveratrol treatment presented improvement of the scarred uterus, as indicated by the significantly reduced uterine wall thickness (Fig. 2B) . Patients receiving treatment with resveratrol (10 mg/day) presented significantly reduced irregular menstruation compared with that prior to treatment, whereas patients in the placebo effect demonstrated no evident alterations in the irregularity of menstruation (Fig. 2C) . These outcomes suggest that resveratrol treatment is beneficial for the treatment of scarred uterus.
Resveratrol treatment promotes remodeling of the scarred uterus. The efficacy of resveratrol treatment in patients with scarred uterus was investigated by ultrasound examination after treatment for 3 months. It was observed that resveratrol treatment promoted the remodeling of the scarred uterus (Fig. 3A) . The results further revealed that the regeneration of the endometrium, muscular cells and vascularization were improved by the treatment with resveratrol ( Fig. 3B-D) . These outcomes suggest that resveratrol treatment may promote remodeling of the scarred uterus in clinical patients.
Resveratrol treatment improves pregnancy outcomes.
A total 42 patients who wanted to achieve pregnancy subsequent to treatment were analyzed in the present study after treatment for 3 months. Among these, 23 scarred uterus patients received resveratrol treatment and 19 patients received a placebo. It was observed that resveratrol treatment improved the pregnancy rate compared with patients receiving placebo (Fig. 4A) . Vaginal bleeding was markedly reduced and the normal frequency of uterine contractions was markedly reduced in patients who received resveratrol treatment as compared with the patients who received a placebo ( Fig. 4B and C). These outcomes suggest that resveratrol treatment contributes to the improvement of pregnancy outcomes in patients with scarred uterus.
Discussion
Earlier studies have indicated that resveratrol presents therapeutic effects in patients with gynecological diseases (8, 9) . In the present study, the therapeutic effects of resveratrol were further analyzed in patients with a scarred uterus. The current findings demonstrated that resveratrol treatment was able to decrease inflammation in patients with scarred uterus, suggesting that resveratrol treatment was beneficial in the treatment of scarred uterus. Furthermore, a previous study has indicated that contrast-enhanced ultrasound can assist in separately assessing ischemia-induced microvascular remodeling (20) . Thus, the current study analyzed the remodeling using contrast-enhanced ultrasound, and the results indicated that resveratrol treatment promoted the remodeling of the scarred uterus and contributed to the improvement of pregnancy outcomes in patients with a scarred uterus. These observations suggest that resveratrol may be an efficient drug for the treatment of scarred uterus patients.
Resveratrol is a multifunctional compound that has been reported to present beneficial outcomes for patients with metabolic and inflammatory diseases. Zhao et al (14) have indicated that long-term resveratrol treatment led to the prevention of ovariectomy-induced osteopenia in rats without hyperplastic effects on the uterus. Another previous study indicated that the long-term (4 months) therapeutic of resveratrol improved patient outcomes (21) . In addition, it has been observed that recovery of the scarred uterus can be achieved within 3 months after hysteroscopic resection (22) . In the present study, a treatment period of 3 months was selected based on previous results regarding the therapeutic effect of resveratrol. It was revealed that resveratrol treatment significantly improved the scarred uterus and irregular menstruation. Furthermore, Tran et al (23) have suggested that resveratrol is able to ameliorate the chemical and microbial induction of inflammation and insulin resistance in human placenta, adipose tissue and skeletal muscle. In the current study, the β-hCG and TNF-α levels were significantly decreased in patients who received resveratrol treatment (10 mg/day) compared with the placebo group. However, a limitation of the current study is that the levels of β-hCG and TNF-α were measured in the patient plasma samples rather than in endometrial fluid samples. Therefore, the levels of these markers may not necessarily correlate with their site-specific expression.
There are currently few effective methods and no specific treatments for scarred uterus patients. Singh et al (24) have indicated that resveratrol treatment modulated the expression of prostaglandin-endoperoxide synthase 2 and the cellular proliferation in the endometrium in a AKT-dependent manner. Resveratrol is a potent inhibitor of vascularization and cell proliferation in experimental endometriosis (25) . The results of the current study demonstrated that the regeneration of the endometrium, muscular cells and vascularization were improved by treatment with resveratrol. The findings also suggested that resveratrol treatment improved the pregnancy rate and markedly reduced vaginal bleeding.
In conclusion, the present study demonstrated the beneficial effects of resveratrol in patients with scarred uterus. Resveratrol treatment not only decreased inflammation, but also improved the pregnancy outcomes for patients with scarred uterus. However, further investigation is required to identify the efficacy of resveratrol in a larger cohort of patients with scarred uterus.
